Determining the replication protein for the 71 kilobase plasmid of Bacillus megaterium QM B1551. by Marszalik, Julie A.
NORTHERN ILLINOIS UNIVERSITY 
Determining the replication protein for the 71 kilobase 
plasmid o f Bacillus megaterium QM B1551.
A Thesis Submitted to the 
University Honors Program 
In Partial Fulfillment o f the 
Requirements o f the Baccalaureate Degree 
With University Upper Division Honors 
Department o f Biological Sciences 
by
Julie A. Marszalik 
DeKalb, Illinois 
December 14, 1997
Student name:_ A .  K>
Approved by:
Department of: o \ o q  i <5 p te .ru j-e g ;
Date:
HONORS THESIS ABSTRACT 
THESIS SUBMISSION FORM
AUTHOR: Julie Ann Marszalik
THESIS TITLE: Determining the replication protein for the 71 kilobase plasmid o f 
Bacillus megaterium QM B 1551.
ADVISOR: Dr. Patricia S. Vary ADVISOR'S DEPT: Biological Sciences
DISCIPLINE: Microbial Genetics YEAR: 1997
PAGE LENGTH: 24 BIBLIOGRAPHY: Yes ILLUSTRATED: Yes
PUBLISHED: No
COPIES AVAILABLE: none
ABSTRACT: In order to inactivate the replication protein gene, a kanamycin
cassette was inserted in the Hind HI site o f ORF A. Since pKM3 had two Hind HI sites 
(one is in the multiple cloning site o f the vector pJM103 and the other is in ORF A) the 
ORF A fragment was first transferred into vector pGEM5Z which does not have any Hind 
i n  sites and then the kanamycin cassette was inserted. Protoplast transformation into B. 
megaterium PV361 yielded no kanamycin resistant colonies and controls were positive in 
three experiments, therefore, it can be concluded that ORF A was inactivated. To test 
whether the inactivated ORF A could then be complemented, PV361 containing a plasmid 
with a functional ORF A was transformed with the defective clone. Surprisingly, there 
were no colonies on the plate, indicating that there was no complementation. This 
experiment was repeated four times with no complementation. The sequence o f ORF A 
was rechecked and it was discovered that the kanamycin cassette has been placed between 
the direct repeats, which is the presumed binding site for the replication protein, and the 
GC and AT rich regions which are also necessary for replication. Hence, insertion o f the 
kanamycin cassette not only inactivated the replication protein, but also the origin 
sequence. Therefore, the defective ORF A clone was not able to be complemented by the 
functional ORF A. Currently we are trying to inactivate ORF A using PCR to delete the 5' 
amino terminal end and the 3' carboxy terminal end without disturbing the bining site.
Introduction
Bacillus megaterium is a Gram-positive, rod shaped, aerobic spore former that is 
present in soil. It is commercially used in production o f vitamin B ^  penicillin amidase, 
steroid hydrolases, sensitivity testing, toxic waste clean up, and most recently production 
o f HTV coat protein genes for diagnostic tests for AIDS ( Vary, 1994). A strain o f B. 
megaterium QM B1551 has seven native plasmids (circular, self-replicating DNA) ranging 
in size from 5.5 kb to 165 kb (Kieselburg et. a l, 1984) (figurel). These plasmids were 
cured by a sublethal dose ethidium bromide to yield a plasmidless strain PV361, which is 
used as a host for these experiments. Clone II (figure 2) was previously identified by 
screening a Kpn I plasmid DNA library using a 2.34 kb Hind HI fragment (replicon from 
clone I) as a probe. Clone H, which isl2  kb in size (pKM30), is 88 % homologous to 
clone I, and has been shown to contain the replication region from the 71 kb plasmid. The 
71 kb plasmid replicates by a mechanism called theta replication, as do most large 
plasmids. The theta name comes from the theta shape o f the replicating DNA under 
electron microscopy (Helinski, Toukdarian, and Novick, 1996). Clone II has been 
sequenced completely and several sub clones o f it were made. One o f the subclones 
pKM3, which is 2 kb and contains ORF A and up to the Eco RV site o f the upstream 
region, has been used for this experiment. In contrast to most plasmid replicons clone I an 
clone II have an ori sequence within the ORF A (Stevenson et. a l, 1997, submitted for 
publication).
The purpose o f this experiment was to inactivate a gene, ORF A, from clone II o f 
the 71 kb plasmid o f Bacillus megaterium QM B 1551, that we hypothesized produces the 
replication protein. (Replication proteins may initiate replication by binding to AT rich 
regions, and direct repeats and melting out these regions allowing DNA helicase and 
primase to hold open the replication fork and make primers for DNA polymerase to start 
replication (Janniere, Gruss, and Ehrlich, 1993)). This hypothesis was made because 
previously our lab found that the smallest region o f clone II that was able to replicate in 
Bacillus megaterium PV361 was ORF A (figure 4). To prove this hypothesis, first the 
ORF A has to be inactivated. Due to this inactivation, clone II in B. megaterium would 
no longer be able to replicate. However, if  the defective replication protein can be restored 
by a functional replication protein by complementation, we could conclude that ORF A is 
the replication protein gene. In order to inactivate the replication protein gene, a 
kanamycin cassette was inserted in the Hind HI site o f ORF A. Replication in B. 
megaterium was then tested by transforming the insertion mutant clone in ORF A into B. 
megaterium PV 361 (plasmidless strain) and selecting for kanamycin resistance. 
Kanamycin resistant colonies were seen, so it could be concluded that ORF A was 
inactivated. To test for complementation, a plasmid containing a functional replication 
protein was put in the same cell with the plasmid containing the nonfunctional replication 
protein. If  complementation occurred replication o f the plasmid with the deactivated ORF 
A would be restored. Restoration o f replication is shown by the growth o f kanamycin 
resistant colonies because the intact ORF A product acted on the replication origin o f the 





All cells were grown in antibiotic containing broth at 37 C overnight.
Plasmid DNA isolation
Plasmid DNA isolation using Promega Wizard Minipreps chemicals and protocols are 
performed as follows:
1- Centrifuge 1.5ml o f  cells for 2 minutes, remove supernatant, add another 
1.5 ml o f cells, and centrifuge another two minutes. Remove supernatant and keep pellet. 
This separates the broth from the cells.
2- Completely resuspend the cell pellet in 200 ul o f Cell Resuspension Solution. 
Vortex until there is no pellet and the solution is cloudy.
3- Add 200 ul o f Cell Lysis Solution and mix by inverting the tube four times.
This Lysis open the cells and the solution turns clear.
4- Add 200 ul o f Neutralization Solution and mix by inverting the tube four times. 
This forms a white precipitate which is protein and chromosomal DNA.
5- Centrifuge the lysed cells at 10,000 times gravity for five minutes. This 
separates the plasmid DNA from the cell's protein and chromosomal DNA. Keep the 
supernatant.
6- Attach a 3ml syringe barrel to the mini column and attach the mini column to a 
micro centrifuge tube. Pipette 1 ml o f Resuspended Purification Resin into the syringe 
barrel.
7- Pipette all o f the supernatant into the syringe barrel. The Resuspended 
Purification Resin sticks to the plasmid and holds it so it stays in the minicolumn.
8- Insert plunger and push through into the mini column.
9- Detach syringe barrel from the mini column and remove plunger from the barrel. 
Reattach minicolumn to syringe barrel and pipette 1 ml o f Column Wash Solution into the 
syringe barrel. Insert plunger and push through the mini column. Do step 9 again.
10- Remove syringe barrel and transfer mini column to a new 1.5 ml 
microcentrifuge tube. Centrifuge for 2 minutes to dry the resin.
11- Transfer mini column to a new 1.5 ml microcentrifiige tube. Add 50 ul o f T.E. 
buffer and wait one minute ( this detaches the plasmid DNA from the resin). Centrifuge 
for 20 seconds to get the DNA in the bottom o f the microcentrifiige tube.
12- Remove and discard the mini column and store plasmid DNA in 
microcentrifiige tube at 4 degrees Celsius.
Plasmid DNA isolation using the Wizard midi prep procedure and chemicals from 
Promega as follows:
1- Centrifuge 25 ml o f cell culture at 10,000 rpm at 4C for 10 minutes, pour off 
'w '  supernatant, and blot tube upside down on paper towel to remove excess media.
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2- Resuspend cell pellet in 3 ml o f Cell Resuspension Solution by vortexing to 
resuspend pellet. The cell resuspension solution also contains 100 ug/ml RNAse which 
degrades the RNA.
3- Add 3 ml o f Cell Lysis Solution to break open the cell walls and release the 
plasmid. Mix by inverting until cell suspension clears.
4- Add 3 ml o f Neutralization Solution and mix by inverting tube four times. A 
white precipitate forms that is chromosomal DNA, RNA, and protein.
5- Centrifuge at 14,000 rpm at 4C for 15 minutes.
6- Pour supernatant into a new centrifuge tube avoiding the white precipitate.
7- Add 10 ml o f shaken Resuspended Resin Solution to DNA solution and swirl to
mix.
8- Transfer the resin / DNA mix into a midicolumn and use a vacuum to pull the 
resin / DNA mix into the midicolumn. The plasmid DNA sticks to resin and is held so it 
stays in the midicolumn.
9- Add 15 ml o f Column Wash Solution to the midicolumn and apply a vacuum to 
pull the wash solution through the midicolumn. Wash the plasmid DNA twice.
10- Dry the resin by leaving the vacuum on for 30 seconds after the solution has 
been pulled through the midicolumn and then stop the vacuum.
11- Use a scissors to cut reservoir tube away from the midicolumn and transfer the 
midicolumn to a 1.5 ml microcentrifuge tube.
12- To remove any residual column wash centrifuge at 14,000 rpm for 2 minutes.
13- Transfer the midicolumn to a new microfuge tube and add 300 ul o f distilled 
water and wait 1 minute for the plasmid DNA to dissolve. Centrifuge for 20 seconds to 
get the DNA into the microcentrifiige tube.
14- Remove the midicolumn and centrifuge the DNA solution for 5 minutes to 
pellet any resin fines.
15- Transfer the plasmid DNA containing supernatant to a new microcentrifiige 
tube and store at 4C.
Determining the Concentration o f plasmid DNA by electrophoresis
To determine the concentration the plasmid was run on an agarose electrophoresis 
gel. The gel is made by mixing .7 grams o f agarose and 100 ml distilled water and heating 
the mixture for a minute and a half then letting it cool until able to hold. The gel is poured 
by putting the sides o f the gel tray on, putting in the comb, pouring in the .7% agarose, 
and letting it solidify. The gel is then placed in the electrophoresis container and IX TAE 
(tris- acetate- EDTA) buffer is added. In the first lane o f a .7% agarose gel 10 ul o f 50 
ng/ul Lambda Hind IQ marker was loaded. In the second lane 5 ul o f the plasmid mixed 
with 2 ul o f loading dye was pipeted. The Lambda Hind IQ marker was added to compare 
the brightness o f the plasmid band to it. If the plasmids top band is as bright or close to the 
brightness o f the marker then the plasmid DNA is in high concentration. The loading dye, 
which is 50% glycerol and 50% dye is used for two purposes; the glycerol weighs down 
the DNA so it stays in the gel and does not float above it, and the dye is there so the DNA 
can be seen as it moves down the gel. DNA is negatively charged so the gel runs from the 
negative to positive direction separating the DNA by size. The gel is ran at 80 volts for 1.5
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hours. The gel is next removed and stained with ethidium bromide for about five minutes. 
The ethidium bromide intercalates between the base pairs o f DNA and fluoresces under 
ultra violet light. After the staining, the gel is observed under the transilluminator and a 
picture may be taken.
Restriction Enzyme digest o f plasmid DNA
DNA was digested using enzymes from and following protocols o f Promega 
Corporation. Reactions were performed in various total volumes with various restriction 
enzymes. Amounts o f enzyme, distilled water, and 10 X buffer varied. Reaction mixtures 
were incubated for various time periods in 37 C water bath.
To remove and purify DNA from agarose gel
1- Use scalpel to cut out the 1.5 kb fragment from the gel and put in a microfiige
tube.
2- Determine the weight o f  the fragment by comparing the weight o f the tube with 
fragment in agarose to the weight o f an empty tube, then add 1000 X the weight in grams 
o f the tube in ul o f phenol, vortex, and put in -80 C for 10 minutes. This separates the 
agarose from the DNA.
3- Centrifuge at 10,000 rpm at room temperature for 10 minutes. Remove top 
clear layer and put in a fresh tube.
4- Add equal volume o f phenol chloroform, vortex 15 seconds, centrifuge at
10.000 rpm for 5 minutes, remove top clear layer and put in fresh tube.
5- Add equal volume o f chloroform, vortex 15 seconds, centrifuge 5 minutes at
10.000 rpm, remove top clear layer and put in fresh tube.
6- Add 100 ul sodium acetate and 1 ml o f 100% ethanol. Put in -80 C freezer for 
20 minutes. This precipitates the DNA out o f solution.
7- Centrifiige at 14,000 rpm for 30 minutes at 4C to get the DNA in a pellet at the 
bottom of the tube.
8- Pour off the supernatant and wash the pellet with 1 ml o f 70 % ethanol. 
Centrifuge for 5 minutes at 10,000 rpm
9- Pour off 70% ethanol, let dry in vacuum for 15 minutes, and dissolve pellet in 
50 ul o f distilled water.
Ligation o f DNA
All ligations were performed using Promega T4 ligase and 5 X T4 ligase buffer at 
37 C for 30 minutes. Ligation ratios o f vector to insert varied. All ligations were 
performed in a total volume o f 20 ul.
Transformation o f the ligated DNA into E. coli DH5a cells was done as follows:
1- Dethaw competent E. coli DH5a cells on ice.
2- Put 100 ul cells into tube containing ligated DNA.
3- Let sit on ice for 10 minutes.
4- Heat shock at 42 C for 2 minutes to open the pores o f the cells and allow the 
ligated DNA to enter.
5- Put back in ice for 10 minutes and then add 1 ml o f LB broth.
6- Let cells recover in 37 C incubator for 1 hour.
7- Centrifuge at 10,000 rpm for 30 seconds and remove supernatant.
Transformation into B. megaterium PV361 (plasmidless_strain) was performed as 
follows based on methods by Von Tersch and Carlton, 1983:
1- Streak recipient (PV361) on SNB and incubate overnight at 25 C.
2- Inoculate heavily 100 ml 37 C RHAF broth.
3- Incubate at 37 C with shaking to O .D .^ q = .75.
4- Pour into a 50 ml centrifuge tube.
5- Centrifuge at 4,000 ipm for 10 minutes at room temperature.
6- Resuspend in 4.0 ml HAF and vortex.
7- Add 1.0 ml HAF with 2 mg/ml lysozyme (made fresh), and invert many times to mix.
8- Incubate and shake gently for 10 minutes at 37 C.
9- Centrifuge 3/4 (2,200 rpm) speed for 10 minutes and discard supernatant without 
discarding any weak pelleted cells.
10- Add 5 ml o f  37 C RHAF and resuspend by inverting gently.
11- Centrifuge at 3/4 (2,200 rpm) speed for 10 minutes and discard supernatant without 
discarding any weak pelleted cells.
12- Add 2 ml o f 37 C RHAF and resuspend by inverting gently.
13- For each transformation do the following:
-In a 15 ml centrifuge tube add 20 ul or less o f  DNA solution (1-5 ug) and 0.2ml 
protoplasts from step 12 using a wide bore disposable 1.0 ml pipette to transfer 
protoplasts.
-Mix quickly and gently.
14- Add immediately 600 ul o f 30% PEG in HAF and invert several times.
15- Incubate at room temperature for exactly 5 minutes. PEG is toxic if  incubated longer 
than five minutes.
16- Add 1.2 ml 37 C RHAF. Invert to mix and disperse clumps.
17- Plate on RHAF plates (no antibiotic). By gently spreading .5ml/plate using a wide 
bore 1.0 ml pipette tip to transfer the protoplasts. Do not invert the plates while incubating 
at 30 C.
18- Incubate plates at 30 C for 18-24 hours.
19- Replica plate onto selective media.
Results
Construction of thcJkanamyxin .cass.cttc
The kanamycin cassette from pDG792 (from the Bacillus Genetic Stock Center), used for 
the inactivation o f ORF A o f clone II, pKM3, was obtained as follows:
Growing the cells
The E. coli DH5 alpha cells containing pDG792 were grown on LB ampicillin 
(100 ug/ml) plates. The cells were streaked on ampicillin plates to prevent contamination 
by other cells. Ampicillin works by binding to and inhibiting many enzymes that are 
involve in cell wall synthesis. The cells containing the pDG792 plasmid were able to grow 
because the plasmids carries a gene that makes them resistant to ampicillin. When the 
ampicillin resistance gene is on a plasmid the gene codes for an enzyme that gets secreted 
into the periplasmic space where it catalyzes hydrolysis o f the Beta lactam ring causing 
detoxification o f the ampicillin (Sambrook, Fritsch, and Maniatis, 1989). The cells were 
then incubated at 37 C overnight so colonies would form on the plates. One colony from 
the plate was then inoculated into 25 ml LB (100 ug/m l) ampicillin broth. The cells were 
then incubated overnight in the 37 C rotating incubator. The LB ampicillin broth was 
made using a 100 mg/ml stock solution o f ampicillin.
W  Determining Expected Size Fragments for pDG792
From the Antibiotic-resistance cassettes for Bacillus subtilus paper by Anne-Marie 
Guerot-Fluery, Kamran Shazand, Niels Frandsen and Patrick Stragier (1995) the following 
information was learned. The kanamycin cassette is 1.489 kb and was originally from 
Streptococcus faecalis plasmid pAT21 which was cloned into the E. coli plasmid pMTL23 
(the parental vector). The resultant plasmid pDG7922 contains the kanamycin cassette 
with multiple cloning sites on each side o f it. The entire vector is 3.989 kb. Hind HI was 
used to remove the kanamycin cassette because there is a Hind HI site upstream o f the 
kanamycin cassette and downstream o f the kanamycin cassette, which is also why the 
kanamycin cassette was chosen. It was determined that because the entire pDG792 
plasmid is 3.989 kb and the kanamycin cassette is 1.489 kb that when using the Hind m  
restriction enzyme to digest pDG792 that there will be two fragments one o f 1.489 kb and 
one o f 2.5 kb. It was also determined that because there is only one Eco R1 site that when 
digesting with this restriction enzyme the pDG792 will be linearized into one 3.989 kb 
fragment.
Restrictions ofpDG792 DNA
Digestions o f pDG792 were performed using Hind III and £coR l restriction 
enzymes to make sure pDG792 produced the expected size fragments o f 2.6 kb and 1.5 kb
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wwhen digested with Hind m  and 3.9 kb when linearized with Eco R l. These digestions 
were performed as follows :
lOul pDG792
2.5 ul 10 X buffer 
1 1 .5 u ld H 20 
1 ul Hind III 
25 ul total
10 ulpDG792
2.5 ul 10 X buffer
11.5 ul d H20 
1 ul Eco R l 
25 ul total
5 ul o f loading dye was added to each digestion. 10 ul o f  Lambda Hind ID marker was 
loaded in the first well, the Hind m  digestion in the second, the Eco R l digestion in the 
third, and undigested pDG792 in the fourth well as a control. The gel was ran for 1.5 
hours at 100 volts and then stained with ethidium bromide and observed under UV light 
using the transilluminator and a picture was taken.
Fragment Sizes o f  pDG792 cut with Hind m  and £coR l
Shown as figure 4 is a picture o f  the gel for the Hind III and EcoKl restriction 
enzyme digestions o f pDG792. In the first lane is 10 ul o f Lambda Hind IH marker. The 
second lane shows pDG792 cut with Hind HI resulting in the expected size fragments o f 
2.6 kb and 1.5 kb. The third lane shows pDG792 cut with Eco R l resulting in the 
expected linearized fragment o f 3.9 kb. The fourth lane in undigested pDG792 ran as a 
W  control to show if  any o f the DNA that was cut with restriction enzymes was not
completely digested.
Recovery o f  the 1.5 kb kanamycin cassette
The pDG792 was digested using Hind HI restriction enzyme so that the 1.5 kb 
kanamycin cassette could be inserted in the Hind HI site o f ORF A. Pvu n  restriction 
enzyme was also used to produce blunt ends on the rest o f pDG792 so that it would be 
harder for it to religate back to cassette. The digestion was performed as follows:
100 ul pDG792 
4 ul Pvu n  
4 ui Hind YU 
20 ul 10 X buffer B 
72 ul d H20
200 ul total reaction volume
The digestion was incubated in a 37 C water bath for 1.5 hours. The cassette was 
then removed and purified from the geL The kanamycin cassette was run on a gel with 
Lambda Hind HI marker to observe the concentration o f the DNA. Figure 5 shows a 
picture o f the gel showing that the kanamycin cassette is in high concentration.
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Proving the kanam ycin cassette is functional in Bacillus megaterium
To make sure that the kanamycin resistance gene was functional in B. 
megaterium it was necessary to put the cassette in a clone known to be able to replicate in 
B. megaterium and see if  after transformed into B. megaterium it is resistant to 
kanamycin. pKM4 was chosen as the clone that can replicate in B. megaterium and the 
experiment was performed as follows:
pKM4 was linearized with Hinc II (Hinc II cuts in the middle o f ORF A):
20 ul pKM4 
6 5 u l d H 20 
10 ul 10 X buffer 
5 ul Hinc II
100 ul total The digestion was incubated at 37 C for 2.5 hours. The DNA was then 
ran on a gel with 10 ul o f  Lambda Hind m  marker to check for complete restriction.
Recovering the kanamycin cassette
Stu I and Sma I were chosen as the restriction enzymes because they both produce 
blunt ends that are compatible with the blunt ended Hinc II cut o f pKM4. Stu I  cuts on 
one side o f  the kanamycin cassette and Sma I  cuts on the other.
W  100 ul pDG792
5 uliSfc/1 
5 ul Sma I
15 ul multicore buffer 
25_uLdH20
150 ul total The digestion was incubated at 37 C for 2 hours. The digested DNA 
was then ran on a gel and the 1.5 kb kanamycin cassette fragment was removed from the 
gel and purified. Next the concentration checked by running on a gel with Lambda Hind 
HI marker. Ten ul o f the purified kanamycin cassette was ran on a gel with 20 ul Lambda 
Hind HI marker to showing the cassette was there and in high concentration.
Ligation o f  linearized pKM4_to theJkanamycin cassette and transformation into E. coli 
DH5- alpha were performed as follows:
3 ul linearized pKM4 
5 ul km cassette
4 ul 5 X T4 buffer 
1 ul T4 ligase
7 ul d H20
20 ul total The ligation was incubated in a 37 C water bath for 30 minutes.
Transformation o f the ligated DNA into E. coli DH5a cells was done as described in the
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materials and methods. The cells were spread on LB + km and incubated at 37 C 
overnight showing the following results:W
Donor R ecipient #  o f colonies/ LB + km plate
PKM 44 D H 5 alpha T N T C
(-) control pK M 30 D H 5 alpha 0
O f these 10 white colonies were chosen for a Promega Wizard miniprep and then 
restricted with Hind HI to check for the 1.5 kb cassette and the 6.7 kb pKM4 vector. All 
10 isolates were positive for the ligation and are called pKM44. To check if the kanamycin 
cassette is functional in B. megaterium, pKM44 was then transformed in PV361 
(plasmidless strain) by protoplast transformation many times showing the following 
results:
Donor R ecipient #  o f colonies/ SN B  +  km plate
PKM 44 PV361 20
PKM 44 PV361 37
PKM 44 PV361 50
PKM 44 PV361 50
(-) control pK M 30 PV361 0
Inserting O R F A into a vector with out any H ind  sites (pGEM5Zf)
Since the smallest replicable fragment o f clone II, pKM2, has two Hind HI 
restriction sites (one is in the multiple cloning site o f the vector pJM103 and the other is 
within ORF A) the ORF A fragment was first removed frompKM30 and transferred into 
vector pGEM5Zf which does not have any Hind HI sites as follows:
The Eco RV to Pst I fragment (same as pKM3) o f pKM30t and pGEM5Zf was cut out as
M ow s:
10 ul (2 ug) pKM30
2.5 ulP-s/ I
2.5 \A Eco RV
5.0 ul 10X multicore buffer
a O u ld H o O
50 ul total
10 ul (1 ug) pGEM5Zf 
2.5 uIP j / I
2.5 ui Eco RV
5.0 ul 10 x multicore buffer 
30 ul d HoO 
50 ul total
The Eco RV and Pst I digests were incubated for 2 horns at 37 C and then ran on 
a ge l The 2 kb Eco RV to Pst I fragments were removed from the gel and purified. The 
linearized pGEM5Zf was also ran on a gel to make sure it was completely digested.
W
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Ligation o f the Eco RV to Pst I fragment into pGEM5Zf and transformation into E. coli 
DH5 alpha
The ligations were performed as follows:
3 ul pGEM5Zf 3 ul pGEM5Zf
5 ul Eco RV to Pst I (from pKM30) 7 ul Eco RV to Pst I (from pKM30)
4 ul 5X T4 buffer 4 ul 5X T4 buffer
1 ul T4 ligase 1 ul T4 ligase
7 ul d HoO 5_u1j LHz 0
20 ul total 20 ul total
Ligations were incubated in 37 C water bath for 30 minutes and transformation 
was performed using pGEM5Zf alone as + control. Cells were spread on LB + amp + X- 
gal plates and incubated at 37 C overnight. I f  the DNA is inserted the colonies will be 
white and if not the colonies will be blue. This is due to the multiple cloning site being 
between the lacZ gene and B-galactosidase gene. In the presence o f IPTG B-galactosidase 
will cut X-gal producing a blue product, but when the DNA is in the multiple cloning site 
this deactivates the gene resulting in white colonies (Sambrook, Fritsch, and Maniatis, 
1989.) The results are as follows:
Donor R ecipient o f colonies/ LB + am p + X -aal plat
PKM 37 D H 5 alpha T N T C
(+ ) control pG E M 5Zf D H 5 alpha T N T C
Ten white colonies were selected at random and a Promega Wizard miniprep was 
performed on them  The isolates were then cut with Eco RV and Pst I to check for the 
correct size fragments o f 2 kb for the ORF A insert and 3 kb for the pGEM5Zf vector. 8 
o f the colonies were positive for the ligated ORF A insert and pGEM5Zf vector now 
called pKM37.
Insertion of theJkanamycin cassette into pKM 37
pKM37 was restricted with Hind i n  to linearize the vector as follows:
20 ul (5 ug) pKM37 
65 ul d H20 
10 ul 10 X buffer
5.0 ul Hind III
100 ul total Digested at 37 C for 2 hours. The linearized fragment was then ran on a 
gel with Lambda Hind m  marker to make sure it produced the complete restriction
W
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Ligation o f the kanamycin cassette into pKM37 was performed as follows:W
5.0 ul pKM37 5.0 ulpKM37
5.0 ul 1.5 kb kanamycin cassette 10 ul 1.5 kb kanamycin cassette
4.0 ul 5 X T4 buffer 4.0 ul 5 X T4 buffer
5.0 u l d H 20 1.0 ul T ^ ligase
1.0 ul T ^ ligase 20 ul total
20 ul total
The ligations were incubated at 37 C for 30 minutes and then transformed into E. 
coli DH5 alpha usingpGEM5Zf as a negative control The cells were spread on LB + km 
plates and incubated overnight at 37 C. Transformation results are as follows:
Donor R ecipient #  o f colonies /  LB + km plate
pK M 38 D H 5 alpha 60
-)control pG E M 5Z D H 5 alpha 0
10 out o f the 60 colonies that grew were picked randomly for miniprep isolation and 
restricted with Hind HI to check for the 1.5 kb kanamycin cassette and the 5 kb pKM37 
vector. All ten colonies were positive for the ligation, thus they are pKM38. A picture 
showing the creation o f pKM38 is figure 6.
Replication of pKM38_in Bacillus megaterium  PV361
To see if  the plasmid, pKM38, with the kanamycin cassette in its ORF A could 
replicate in Bacillus megaterium it was transformed into a plasmidless strain PV361 using 
the protocol for protoplast transformation by Von Tersch and Carlton, 1983. The plasmid 
pKM30 was used as a positive control because it is known to replicate in B. megaterium 
and no DNA was used as a negative control. The results are as follows:
Donor R ecipient
#  o f colonies /  
S N B  +  km plate
#  of colonies /  
SN B  +  cm plate
PKM 38 PV361 0 NA
(+ ) control 




There were no colonies on the SNB + km plates and this experiment was repeated several 
times so it can be concluded that ORF A was inactivated by insertion o f the kanamycin 
cassette.
Complementation
To test if the plasmid containing the inactivated ORF A, pKM44, could 
then be allowed to replicate by complementation with another plasmid with a functional
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ORF A pKM44 was transfonned separately with pKM2, pKM3, pKM4, and pKM30 by 
protoplast transformation (figure 7). pKM2, pKM3, pKM4, and pKM30 all have 
fimctional ORF A's, therefore, can replicate in B. megaterium. Transformations o f pKM30 
as a positive control and PV361 as a negative control were also done. I f  the plasmids with 
fimctional ORF A's complement pKM44 then there will be colonies on the SNB + km 
plasmids due to the insertion o f the kanamycin resistance gene into pKM44 as the source 
o f deactivating ORF A. If  the plasmids with the fimctional ORF A's do not complement 
pKM44 then there will be no colonies on the plates. The results are as follows:
Donor R ecipient
#  of
colonies /  
SN B  + km  
plate
# o f
colonies /  
SN B  + cm  
plate
PKM 38 P V 361/pK M 30 0 NA
pK M 38 P V 361/P K M 2 0 NA
PKM 38 P V 361/pK M 3 0 NA
PKM 38 P V 361/P K M 4 0 NA
(+ ) control 
PKM 30 PV361 0 60
no D N A
(-) control 
PV361 0 0
This experiment was repeated several times with no colonies ever growing on the 
plates so we did not get complementation. Since all attempts at complementation failed 
the sequence o f  ORF A as well as the position o f the kanamycin cassette were rechecked.
^  It was discovered that the kanamycin cassette had been placed between the direct repeats,
which is the presumed binding site for the replication protein, and the GC & AT rich 
regions which are necessary for the replication protein to start unwinding the DNA for 
replication (figure 2). Hence, insertion o f the kanamycin cassette not only inactivated the 
ORF A, but also the origin sequence. Therefore, the defective ORF A was not able to be 
complemented by the fimctional ORF A.
Discussion and Conclusions
The purpose o f this experiment was to inactivate a gene, ORF A, that we 
hypothesized produces the replication protein to show that in B. megaterium alone it 
could no longer replicate. To do this we decided to insert a kanamycin cassette into the 
Hind HI site o f ORF A in clone n. Many obstacles had to be overcome to this such as 
multiple Hind HI sites when the Hind III site was the only available site in ORF A to put 
the kanamycin cassette. I was also necessary to prove that the kanamycin cassette was 
fimctional in B. megaterium. In the end, by inserting the kanamycin cassette into ORF A, 
not only was the replication protein inactivated, but so was the origin sequence. This 
occurred because the 1.5 kb kanamycin cassette was placed between the direct repeats and 
the GC and AT rich regions, therefore making them too far away from each other for the 
replication protein to be able to first bind the direct repeats and then slide to the GC and 
AT rich regions and start melting out the DNA strands. These regions were being
12
identified at the same time the experiment was in progress. Another way to inactivate ORF 
A is now being attempted. By using PCR, 5' and 3' deletion o f ORF A clones have been 
made. The resultant constructs are currently being tested to see if  they can replicate in B. 
megaterium and then be complemented (figure 8).
\ y /
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Agarose gel showing pDG792 digested with III and Eco R1
Agarose gel showing the 1.5 kb kanamycin cassette.
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(Replication Analysis of Clone II Deletions
Rep( ativ in 
B.meg. PV361
PCR Deletions
—IpKM 46 (1.3 kb) n o t de t e r m i n e d
—| pKM 48 (.26 kb) n o t de t e r m i n e d
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